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The article deals with the assessment of risks as- 
sociated with safety. A study on the materials of a 
special assessment of working conditions (SOUT) 
in the processing industry. The risk factors affect- 
ing the health of workers are described. 

The calculation of the risk assessment of the im- 
pact of classes of working conditions and harmful 
production factors in the workplace and workers 
according to a special assessment of working 
conditions. According to the results of the study 
and assessment of risks of labor protection re- 
vealed that the largest number of jobs and work- 
ers are affected by noise and the severity of labor, 
for which the risk values are among the largest 
and correspond to high (intolerable) risk. 
Recommendations on risk management strategy 
are given. 

Keywords: occupational safety, occupational 
risk, harmful factors, special assessment of work- 
ing conditions. 
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PaccCMOTPeHbI BOMPOChI OL[EHKH PHCKOB, CBA3aH- 
HbIX C Oe30MacHOcTb1O Tpyza. IIpoBeyeHo uccie- 
OBaHve IO MaTepHasiaM CIielMasIbHOW OMeHKU 
ycroBun Tpyna (COYT) Ha npeaznpuatTun mepe- 
paOaTbiBarolleH MpOMBbIMNIeHHOCTH. OnncaHbl 
(baKTOPbI plicKa, BIIMAIOWMe Ha COCTOAHUE 3]10- 
poBbax padoTHukosB. IIpoBeyeH pacueT OleHKU 
PUCKOB BJIMAHHA KaCCOB YCJIOBUM Tpya U Bpel- 
HbIX IIPOM3BOJICTBCHHBIX (aKTOpOB Ha padounx 
MecTax MW paOOTHHKOB HO JIaHHbIM Ciiel[MasibHoU 
OIeCHKN ycuoBuu Tpyqa. Ilo pe3syubTaTam UccrIie- 
JOBAHMA MU OIL[CEHKH PUCKOB OXpaHbl Tpya BbIAB- 
NeHO, YTO HavOObUIee KOJMYECTBO PaOOTHHKOB 
HOBepraeTcA BIIMAHUIO (MaKTOPOB, COOTBET- 
CTBYFOINMX KIaccy BbICOKOTO (HelepeHOCHMOTO) 
pucka. CdopmysupoBaHbl peKOMeHalMu 10 
CTpaTeruu yipaBsIeHHA PUCKaMH. 
Kuno4eBble CJI0Ba: OxpaHa Tpya, Upodeccuo- 
HaJIbHbIM PUCK, BpeqHbile (akTOPbI, CielMasbHaAd 


OleHKa yCIOBUM Tpysa. 


Introduction. There are various methods of assessment of occupational risk from constantly op- 


erating factors of production activity, approved by the labor protection norms. They are designed to de- 
termine the degree of exposure to harmful factors on health of workers and risk category [1-2]. The occu- 
pational health and safety management system has several tools at its disposal to generate the information 
flows necessary to assess and make decisions on improving working conditions or the acceptability of 
existing residual risks. Each data collection mechanism is unique in its own way, but not universal, and 
each has its own drawbacks. Therefore, in these conditions, an integrated approach is needed that would 
improve the system of assessment of safety and comfort of work. One of the tools (with some limitations) 
may be occupational risks calculation [3-6]. 

Problem statement. Basically, occupational risk assessment is carried out only on occupational 
diseases indicator, which leads to incorrect results. There are good reasons to believe that the official sta- 
tistics of the identified occupational diseases in Russia do not reflect the real situation, which means that 


only a small part of the diseases resulting from the impact of production factors is diagnosed and recorded 
[2, 7-8]. 
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Theoretical part. Risk assessment is usually carried out in accordance with the following stages: 
hazard identification, exposure assessment, dose — response assessment, risk characterization. Initial data 


for carrying out occupational risk assessment calculations are results of: 

- production control carried out in accordance with SP 1.1.1058-01; 

- State sanitary and epidemiological supervision; 

- sanitary and epidemiological assessment of production equipment and products for production 
purposes; 

- special assessment of working conditions carried out in accordance with Federal law No. 426-FZ 
of 28.12.2013.; 

- periodic medical examinations of employees carried out in accordance with article 213 of the 
Labor code of the Russian Federation [9-12]. 

In the framework of this study, the working conditions at LLC "Mariinsky Distillery" were con- 
sidered. The work is based on the results of special assessment of working conditions (SAWC) [1-3, 13]. 
The company has 194 workplaces, which involve 219 people. 32.4% of employees work in hazardous 
working conditions (working conditions classification (KUT) 3.1 and 3.2). 

According to the method [5] we carry out risk calculations. 

Calculation of the risk of KUT impact in the workplace 

Given: 

Noou = 20 workplaces; 

N xym2.0 = 3 Workplaces; 

Niym 3.1 = 0 workplaces; 

Nxym 3.2 = 17 workplaces. 

Result of calculation: 

1. Calculation of SAWC weighting factor on KUT, Kgyyri: 





Nuyri 
Koxyti = Nogn’ (1) 
K ¢20 = 3/20 = 0,15, 
K 63, = 0/20 =0, 


K 632 = 17/20 = 0,85; 
2. Calculation of the weighted average values of KUT risk impact, RkyT: 
RKyT = Diz1 Koxyri x Xxyri> (2) 
RxyT = 0,15 * 2 + 0,85 * 4 = 3,7; 
3. Calculation of the additional value of excess of the weighted average value of KUT risk impact, 
AR xyz: 











AD — Ryytnpes 

AR yy > Ryt ’ (3) 
Ryyrnpes = ay Koaxyrnpesi x Xxyrnpesi> (4) 

A ymnpes 0,85* 4= 3,4. 

AR 


Kym = 3,4/ 3,7 = 0,92; 
4. Calculation of the total value of the labor safety risk SAWC on KUT: 
Regt — Rye + AR yy (5) 
R ym = 3,7+ 0,92 = 4,62 (High (intolerable) risk). 
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Calculation of the risk of influence of workplace hazards in the wine shop. 
Table | 
Initial data for calculation of SAWC occupational safety risks on the types of workplace hazards 
at workplaces 


Workplace hazards Working conditions classification Total 
7 


one 3 a 





Non-ionizing radiation 





Calculation of weighting coefficient of the influence of noise in the workplace, Kyogn@j: 
K ¢ wa 2.0 = 3/20=0,15, 
K 6 wyu 3.2 = 17/20=0,85. 

The weighted average calculation of the risk value of the noise effect, Rive 


Riym = 0,65 * 2 + 0,28 * 3 + 0,07 * 4 = 2,42= 0,15*2+0,85*4=3,7. 
Additional value of excess of average risk value of noise effect at the workplace, AR yyy: 


Ripesuym = 0,28 * 3 + 0,07 * 4 = 1,12=0,85*4=3,4, 


BRuyn = —~ = 0,46= 3,4/3,7= 0,92. 
2,42 





The total value of risk of influence of the noise factor in the workplace: 
Rease = 3,4 + 0,92 = 4,32 — high (intolerable) risk. 
Let us calculate risk value of chemical factor influence in the workplace: 
K 6xumu20=/7/7=1, 
Ryuw = 0,95 «2+ 0,05 «3 = 2,05= 1* 2=2. 
Total risk value of chemical factor influence in the workplace: 


R 


Risk value of non-ionizing radiation in the workplace: 
K gnu 20=3/3=1, 


Ree 22: 





ama = 2 (negligible, tolerable risk). 





R 


Risk value of microclimate factor influence in the workplace: 
K 6 ux2.0= 14/14=1, 


Rur = 1*2 = 2, 
Ruw = 2 (negligible, tolerable risk). 


HeMH= 2 (negligible, tolerable risk). 


Risk value of light environment influence in the workplace: 
K ¢coem 2.0 = 14/14 = 1, 
Reser = 1*2 = 2, 
Roeper = 2 (negligible, tolerable risk). 


/7bps-journal.ru — a 









Risk value of the severity of labor process influence in the workplace: 
K 6 mac 2.0 = 3/17 = 0,18, 


K ¢ mae 3.1 = 14/17 = 0,82, 
Rese = 0,18 * 2+ 0,82 * 3 = 2,82, 
Rupesrax= 9,82 * 3 = 2,46, 
AR van = 2,46/ 2,82 = 0,87, 
R inaoxe = 0,87 + 2,82 = 3,69 — average (significant) risk. 

After calculating the occupational safety risks according to SAWC by types of hazardous and 
harmful production factors in the workplace, it can be concluded that the total value of occupational safe- 
ty risks by classes of working conditions is 4.62 (high intolerable risk). 

The calculated values of risks according to SAWC in the wine shop are shown in the diagram 


(Fig. 1). 


Total value of risks 
(SOUTH) 





0 1 2 3 A 5 
= Severety of work *' Noise ™ Class of working conditions 


Fig.l SAWC risk values for the wine shop 


Based on the data obtained, it can be concluded that 85 % (17 out of 20) of the employees of the 
wine shop are exposed to high (intolerable) risk. 

Conclusion. By analyzing risk assessment calculations, it can be concluded that the greatest num- 
ber of employees is affected by noise and the severity of labor (noise — 4.32, the severity of labor — 
3.69). The total values of risks (SAWC) for the classes of working conditions — 4.62, which corresponds 
to a high (intolerable) risk. These data will allow employees and directly the manager (master, shop fore- 
man, etc.) to more often monitor the compliance with labor protection and safety rules in the shop, as well 
as to carry out measures to prevent professional hearing loss. This will improve working conditions in the 
wine shop, as well as it will have positive impact on the health and efficiency of workers. When develop- 
ing recommendations for workplace health and safety risk management, a risk management strategy 1s 
needed to reduce risk by developing measures to reduce the impact of noise and the severity of the work 
process. 

The research has revealed the fact that 85% of employees of the wine shop are exposed to the in- 
creased risk of noise in the workplace, which is the basis for a more detailed study of the impact of noise 
on the body and health of workers in order to predict the occurrence of occupational diseases when ex- 
posed to noise [14-15]. 
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The paper deals with the organization of the dis- 


patching of elevators, as one of the important 
conditions for ensuring security, and monitoring 
the technical condition of elevator facilities 
through the use of digital technologies. This 
method allows to increase the safety of the opera- 
tion of elevators, to ensure the operational control 
of the state of the elevator structures both by the 
operating organization and by the regulatory au- 
thorities, and to reduce the negative impact on the 
safety of the human factor. 


Keywords: elevator, accident rate, safety, human 
factor, information technology 
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PaccMaTpuBaroTcaA BOIpPOCbI OpraHu3alluu Mpu- 


MeHeHHA UMMpOBbIX TeXHOJIOPHH WIA TucieTue- 
pu3alluu MTOR, KaK OJJHOTO 3 BaxKHBIX YCJO- 
BUM OOecMeyeHuA Oe30MaCHOCTH UW KOHTPOIIA 3a 
TeEXHHYeCCKUM COCTOAHHeM JIM@TOBBIX COOpyxKe- 
Hui. JlaHHbIM CMOCOO MO3BOJIAeCT MOBbICHTb 6e3- 
OWacHOCTb 93KCIIyaTauMu WH@TOB, OOeche4uTb 
OllepaTHBHbIM KOHTPOJIb COCTOAHUA JIM@TOBBIX 
COOPy2KeHHH SKCINIyaTUpyloOllev OpraHusal[ven U 
KOHTPOJIMpyIOWMMMU OpraHaMv, CHH3HTb Hera- 
THBHOe BIIMAHHe Ha Oe30MaCHOCTb 4eJIOBeUeCKO- 
ro dakTopa. 

Kuno4eBble CJIOBa: JH@T, aBapHiHOCTb, 6e3- 
OWacHOCTb, 4esOBeYeCKHU dakTOp, HHMopMallu- 


OHHbIe TEXHOJIOrMN. 

Introduction. An important infrastructure element of any medium-sized and big city 1s lift facili- 
ty. It is on the border of housing and communal services and the construction industry. Currently, lift fa- 
cilities have become a separate industry operating on a global scale and include manufacturers of eleva- 
tors and related equipment, organizations providing service maintenance and operation of elevators, sys- 
tem integrators. 

Implementation of a range of measures 1s required for safe operation of lift equipment: creation of 
a system of regulation of commissioning and accounting of elevators, assessment of their technical condi- 
tion at all stages of operation; providing information and automation of control and supervisory activities 
through the introduction of dispatching systems; use of control and supervisory activities of risk-oriented 
approach taking into account human factor risk [1-4]. 

Dispatching of elevator equipment. Main tasks of dispatching systems of elevator equipment are 
to lower operating costs and to provide safety of its operation through online monitoring of equipment 
operation, to create database on the operation of lifts and information analysis, to provide elevator con- 
trol, automatic information about errors, faults and accidents [5]. 

Transfer of elevators parameters is through the dedicated line of dispatching communication, 
through a radio channel or with the use of infrastructure of other networks (telephone or TCP/IP). The 
main requirement for communication lines — reliable operation, interference resistance, protection from 
break-ins and damage. 

The dispatching system is one of the necessary conditions that ensures the safe operation of eleva- 
tors, as it allows increasing the efficiency and quality of their maintenance. 
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Digital technologies in dispatching. One of the ways to improve operation safety of elevator fa- 
cilities in general, as well as to reduce the negative impact of human factor in particular, is the develop- 
ment of information and communication technology — a program using mobile devices (smartphone) 
based on 10s and android and wireless Internet, which allows: 

- to increase staff performance efficiency of official and production functions; 

- to monitor elevator equipment current condition; 

- to ensure information transparency on the state of the object to regulating authorities; 

- to ensure the timeliness of technical inspection of elevators. 

There are similar developments for such lifting structures as tower cranes [6]. However, the com- 
bination of elevator equipment with mobile devices for information transmission, object inspection and 
remote control of Rostekhnadzor (Federal Environmental, Industrial and Nuclear Supervision Service of 
Russia) at all sites online was not used at such hazardous facilities as elevators. This is the main differ- 
ence of the proposed technology from the existing elevator dispatching systems. 

When using information and communication technologies with the use of Internet resources, all 
information on the state of the facility will be open to Rostekhnadzor and it will be easier to control the 
hazardous facility. 

The principle of the program is as follows (Fig. 1): central server receives data on lift park (within 
the operating organization — payroll, on a larger scale — from the databases of the Unified lift infor- 
mation-analytical system [7]), regulatory instruments (laws, regulations, technical regulations, etc.), man- 
uals (instructions) for operation of elevators, officials and company specifications for employees, as well 
as data from dispatch systems of elevators. 





Fig. 1. Mobile program principle 
Through the mobile application, and in accordance with his position and his authority, an employ- 
ee receives information on elevators condition; the necessity in any works of their maintenance, repair; 
the timing and execution activities for inspection, maintenance, and examination of elevators; the nomen- 
clature and content of the regulations and instructions for operation of elevators. In addition, it is possible 


to complete the supporting documentation and send it to the appropriate service or authority. 
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The personnel will log in using their personal login and password. When you enter data, the pro- 
gram sends information to the employee only in accordance with his job responsibilities. Each employee 
will be able to receive data only personally. There will also be an opportunity to use a mobile phone as an 
electronic pass to the objects with NFC-technology on the phone by integrating electronic pass cards. 

Registration in the system is carried out by the person responsible for the facility safe operation. 

Conclusion. The development of mobile technologies imposes new requirements and provides 
opportunities for the creation of operational control of technical systems online. The elevator industry 
should not be an exception in these circumstances. 

The proposed development will allow for operational control over the technical condition of the 


elevator industry, thereby increasing safety of their operation. 
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The article is devoted to the analysis of physical 
essence of the process of air pollution reduction 
for the woodworking shop of the enterprise serv- 
ing the objects of urban development, within the 
framework of physical and energy approach. 
According to this approach, wood dust is con- 
sidered from the position of disperse systems 
theory, which changes its properties under the 
influence of external disperse systems. The 
whole process is gradually illustrated by a phys- 
ical model of air pollution reduction process, as 
well as a scheme of transformation of the dis- 
perse system (dust aerosol) in the process of air 
pollution reduction. 


Keywords: environmental safety in construc- 
tion, object of urban development, disperse sys- 
tem, woodworking shop, wood dust, air pollu- 
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CTaTba MNOcBAMeHa aHalM3y Pu3su4eCKON CyII- 
HOCTH IIpolecca CHWKeHHA 3arpx3HeCHHA BO3- 
TYMHOW cpebl WIA WepeBooOpavdarTsiBarollero 
exa IIpeqIpuATuA, OOCIYyXUBAFOINerO OObCKTHI 
TOPOJACKOrO CTPOUTeJIbCTBa, B paMKax (H3HKO- 
9HepreTuyecKkoro WoOyXONa. CormacHoO 3ITOMY 
TOJXOAY JIpeBecHas IIbIIb PaCCMaTpuBaeTCA C 
TO3HIJMM TeOpHu JMCIepCHbIX CHCTeM, KOTOpaA 
MeHHe€T CBOH CBOHCTBa HON BO3NeHCTBHeEM 
BHeIMIHUX JIMCMepcHbIx cucTemM. Becb mporecc 
TOITaANHO WIKOCTpUpyeT du3v4eckad MOJIeJIb 
Ipowecca CHYWKeHHA 3arpx3HeCHHA BO3YWIHOM 
Cpebl, a Take cxeMa TpaHcdopMauMu uc- 
II€PCHOH CHCTeMBI (IIbUICEBOTO a3poO30JIA) B IIpo- 
Ilecce CHYWMKCHHA 3arpxA3HCHHA BO3SYINHOM cpe- 
JIbI. 

KurouesBbie CJI0Ba: 32KOUOTM4eCKad Oe30rac- 
HOCTb B CTIPOHMTelIbCTBe, OObEKT TOpOCKOro 
CTPOUTeJIbCTBa, JMCIepcHad CUCTeMa, JJepeBo- 
oOpaOaTHIBaFOlHi ex, JpeBecHad MblIb, CHH- 
%KeCHHE 3alpAZ3HCHUA BO3STYINHOUM cpeybl, du3n- 
KO-9HepreTuyecKHH TOXoL, du3nyeckad MO- 
JieIb TWpowecca CHWKeHHA 3alpsx3HeCHHA BO3- 
JLYWIHOU CpeJIpl. 


Introduction. Promising development of the Russian construction industry using wood products 
such as shuttering, frame houses elements, joists and floorboards, plywood, parquet products inevitably 
leads to aggravation of air pollution problems with wood dust in the processing of wood raw materials [1, 
2]. Therefore, the modern level of production development involves the use of scientifically based ap- 
proaches to the choice of methods and means of ensuring environmental safety in construction that meet 
the requirements of environmental and energy efficiency [3, 4]. At the same time, physical-energy ap- 
proach is the most preferable for the above criteria for solving such problems [5]. 
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Main part. According to this approach, dust, formed as a result of woodworking, is considered 
according to the theory of disperse systems [6-8]. The properties of wood dust particles as a dispersed 
phase suspended in air or gas flow may differ significantly from the properties of the captured dust mate- 
rial [9]. This difference may occur especially in the removal of wood dust from the air. This happens due 
to the fact that a certain proportion of wood dust particles in the ventilation air flow is an aggregate con- 
sisting of several dust particles. Such aggregates behave like large particles. The more dust aggregates in 
the air, the easier it is to separate them from the flow and thus ensure a sufficiently high cleaning efficien- 
cy [10]. 

For wood dust, an effective reduction of air pollution of the construction company working area 
and the atmosphere surface layer is achieved by the implementation of two main cycles [5]: 

— reduction of pollution of wood raw materials or technological equipment; 

— reduction of air pollution by wood dust. 

It is obvious that the first cycle (consolidation and retention of wood dust particles) is more ration- 
al, but its implementation does not ensure compliance with the MPC in the working area air and in the 
atmosphere surface layer [12]. 

The second cycle (capture, cleaning, dispersion) is traditionally used to comply with the regulato- 
ry parameters of air environment in the construction industry. The second cycle of the process of reducing 
air pollution with wood dust includes the appropriate stages of implementation. 

To investigate physical nature of air pollution reduction process with wood dust, we present this 
process as a set of consistently occurring targeted processes implemented at each stage of pollution in the 
process of woodworking at the construction industry. 

The first cycle consists of the following functional elements: 

— dust consolidation, which is strong consolidation of dust material particles with wood raw mate- 
rial; 

— dust retention, namely, to retain the formed particles of wood dust in the vicinity of wood raw 
material. 

The second cycle includes: 

— dust capture, which is to prevent the spread of wood dust particles and ensure their removal from 
air directly in the area of its source; 

— dust cleaning, consisting in the maximum separation of the dispersed phase and the dispersion 
medium of dust; 

— dust dispersion, namely, the intensive separation of wood dust particles in air medium with sub- 
sequent settling. 

Dispersion of wood dust particles in the atmosphere can occur naturally or by force. Natural dis- 
persion involves the release of wood dust at the roof level of the working area building and is largely de- 
pendent on meteorological conditions (wind speed, temperature, relative humidity, etc.) and the state of 
the atmosphere surface layer (potential air pollution, stratification factor, etc.). In this case, 1f the efficien- 
cy of the cleaning process does not meet regulatory requirements (MPE), forced dispersion is applied. 
The analysis of cleaning process shows the need for dispersion of wood dust particles. 

The analysis results of the process of reducing environmental pollution with wood dust formed the 
basis for the construction of a physical model of this process for the enterprise woodworking shop serving 
the objects of urban construction (Fig. 1). 

In the process of interaction of raw materials (dry edged board) with the working body of techno- 
logical equipment (cutting head blade of four cutter) wood dust is formed, which is an "Initial-I"("W-I") 


disperse system. 
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Fig. 1. Physical model of the process of reduction of air environment pollution for woodworking shop 


In this case external influence on "V-I" system in the capture process is an additional disperse sys- 
tem "JI-II.1". Two disperse systems are formed as a result of the interaction of "W-I" and "JI-II.1." dis- 
perse systems: 

—"Q-II.1" system, which is initially in a state of wood dust, but loses its stability. It can go into the 
initial material state, but in the real world remains in the air of the working area; 

— "TI-II.1" disperse system contains the maximum amount of dispersed phase. The stability of the 
system increases slightly over time. The system moves to the cleaning area. 

"JI-I[.2" system has an impact on "IJ—II.1" in the purification process. In this case, two systems are 
formed: 

— "Q-II.2" - fixed disperse system directed to the waste system. It is characterized by a high con- 
tent of dust particles and increased stability. 

— "TJ-II.2" - a polluting dust with a certain residual concentration of wood dust particles directed 
either to the atmosphere (in compliance with the MPE) or to the zone of forced dispersion. 
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Two systems are also formed in the process of forced dispersion (when this happens "TI-II.2" and 
"){-If.3" disperse systems interact): 

— "Q-II.3" - is directed to ecologically insignificant areas in the form of aerosol. The stability of 
the system first falls, then it stabilizes. 

— "Q-II.4 " - continues to spread in the air of the atmosphere surface layer. It is represented by a 
minimum number of wood dust particles, remains in aerosol state; its stability grows slightly in time, then 
it stabilizes. 

As a result of successive influence on the initial, intermediate and residual disperse systems by ex- 
ternal disperse systems in accordance with the laws of conservation of mass and energy, there is a trans- 
formation of interacting disperse systems. This transformation means that the newly formed disperse sys- 
tems differ from the interacting ones in IIC, W, U. This inter-transition of disperse systems ultimately 
affects their stability and can be illustrated by the following scheme. Fig. 2 provides an illustration of 
transformation of disperse dust aerosol systems and changes in their stability in the process of air pollu- 
tion reduction. 


State of the Stability Air pollution reduction process 


disperse change Dust and gas Dust and gas Dust and gas 
system capture cleaning dispersion 


Stable state 


Aerosol Initial-2 


Unstable state 


Unstable state 


Raw 
material 


Stable state 





Fig. 2. Scheme of transformation of the wood dust disperse system in the process of air pollution reduction 


Conclusion. The analysis of physical nature of air pollution reduction process for the woodwork- 
ing shop will allow further research to move to the stage of selection of environmentally and energy effi- 
cient methods and means of ensuring environmental safety in construction, taking into account the trans- 
formations of the polluting disperse system, which "additional" disperse systems subject it to at the stages 
of capture, purification and dispersion of wood dust. 
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The authors have developed an integrated method for 
occupational risk assessment at the enterprise, taking 
into account statistical data from 2008 to 2017. The 
analysis of occupational accidents has shown that oc- 
cupational risk assessment should consider compe- 
tence of workers, working conditions, accidents at 
production, not connected with the human factor. Ma- 
trix of harm and the severity of that harm is calculated 
for each accident factor. The essence of the method is 
that for each situation the specialist determines the 
rank of probability of its occurrence and the potential 
damage corresponding to this situation. According to 
this practice, risk can have three meanings: "unac- 
ceptable", "high" and "acceptable". The value of risk 
is determined as the intersection of the categories of 
employee competence, working conditions, accidents 
at work, not related to the human factor. Thus, an oc- 
cupational risks assessment and management system 
is developed aimed at preserving life and health of 
employees, taking into account statistical data on ac- 
cidents from 2008 to 2017. The results of the study 
allow us to conclude that the high level of competence 
of the employee in the field of labor protection can 
significantly reduce occupational injuries, despite the 
harmful working conditions and the high risk of an 
accident at work, which 1s not associated with the hu- 
man factor. 


Keywords: the complex method of assessment, 
professional risk, working environment. 
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Pa3pa00TaH KOMIVICKCHbIM MeTO], OL|EHKU podec- 


CHOHA@JIBHBIX PHCKOB Ha TpewpuaATHu c y4eTOM 
CTaTHCTH4eCKHX JIaHHbIx 3a Tepvor c 2008 no 
20171. AHasIM3 MpOu3BOJCTBeEHHOrO TpaBMaTH3Ma 
oKa3al, 4TO pW OleHKe mpodeccuOHasIbHbix 
PHCKOB cCyleqyeT YYMTbIBATh KOMIICTCHTHOCTE pa- 
OOTHHKa, YCIOBUA Tpyqa, AaBAPHMHOCTb Ha Ipou3- 
BOJICTBe, He CBA3aHHYIO C 4esIOBeYeCKHM (aKkTO- 
pom. Jit KaKOM MpeqMOcbuIKH K HeCuaCTHOMy 
CIyyarloO paCC4WTaHbl MaTpULbI yulepOa U THKeCTU 
9TOrO yitepOa. CylIHOCTb MeTOJIa 3aKJIOUaeTCA B 
TOM, 4TO CIeWMasIMCcT JIA KaxKON CUTyallMu onpe- 
JI€JIA€T PaHl BEPOATHOCTH ee HAaCTYIJICHHA U COOT- 
BeTCTBYFOIIMH 93TOH CHTyallMH MOTeHIIMaIbHbIM 
ylep0. B coOTBeTCTBHH C JaHHOM MeTOAUKOM puck 
MOXKeT IIPHMHUMaTb Tp 3HaveHHA: «HeMpveMile- 
MBIM>>, «BbICOKHM)> WM «MIpHeMJIeMBIM>. SHayeHue 
puckKa onmpeyesiaeTcaA Kak TlepeceyeHue KaTeropuui 
KOMIC€TeCHTHOCTH padoTHHKa, YCOBMH Tpyla, aBa- 
PHMHOCTU Ha MPOH3BOJICTBe, He CBA3AHHOM C 4eJIO- 
BeyecKUM (baKTOpoM. Takum o0pa30M, co3aHa CcH- 
CTeMa OLeCHKH UW yiipaBlleHua MpodeccuOHasIbHbIMU 
pHcKaMH, HallpaBsIeHHad Ha COxpaHeHve 2%KH3HU 
3J[OPOBbA PAOOTHUKOB, C y4eTOM CTaTHCTH4eCKHX 
JJAHHBIX 110 HECYACTHBIM ciryyaaM Cc 2008 no 2017 
roy. PesyibTaTbI UCCeOBAaHUA TMO3BOJIAKOT CJe- 
aTb BbIBOJ, O TOM, 4TO BbICOKMM YPOBeHb KOMIe- 
TCHTHOCTH paOOTHHKa B OOaCTH OXxpaHbI Tpyya 
TO3BOJIACT 3HAYHMTeEJIbBHO CHH3HTb IIPOM3BO,CTBeH- 
HbIM TpaBMaTH3M, HeECMOTPA Ha BPeHbIe yCIOBUA 
Tpya UW BbICOKHM PpHCK aBapHi Ha MIpOU3BOJCTBE, 
KOTOPbIM He CBA3aH C YeJIOBCEYCCKUM (aKTOPOM. 


Ku1r0u"ueBBble CJIOBAa: KOMIIUJICKCHBIM MeTOI OILeCH- 
KU, MWpoeccHOHaJIbHbIM PUCK, YCIIOBHA Tpya. 
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Introduction. In accordance with the regulatory and legal occupational safety documentation, since 
2013 all enterprises of Russia have been assessing "occupational risk". "Occupational risk" is the probability of 
an accident (occupational disease) of an employee in the performance of duties under the employment contract. 
Risk is the probability of causing harm to health of an employee, the possibility of undesirable consequences, the 
measure of possible danger and the consequences of its realization (damage). The term "occupational risk" is 
used for the first time in the [LO recommendations "On health services in the enterprise" (1959). 

According to GOST R 51898-02 risk is defined as the product of the probability of damage and the se- 
verity of the consequences of this damage: 

R=P-U. (1) 

In accordance with the occupational safety legal acts, the head of the enterprise is obliged to calculate the 
occupational risks for the staff. 

Occupational risk is determined in order to establish the degree of danger of buildings, structures, 
equipment and technologies, to assess the state of occupational safety and to develop a system of preventive 
measures (organizational, technical) to reduce the level of occupational injuries. The author has developed a 
method for occupational risks assessment at the enterprise, taking into account statistical data from 2008 to 2017. 
The analysis of occupational injuries at enterprises from 2008 to 2017 showed that the most common types of 
accidents (A) are: impact of moving parts (29 %), deterioration of employee’ health (21 %), accident (19 %), fall 
from a height (13 %). 

Based on statistical data, the main reasons leading to the accidents were identified: non-compliance with 
occupational safety requirements — 57 %; deterioration of health of a worker (which is associated with harmful 
working conditions at the enterprise, with violations in the use of PPE and ignoring medical examinations) — 21 
%; accidents at work (risk of injury taking into account products and structures used) — 22 %. According to sta- 
tistics, workers between 18 and 25 years of age and over 45 years of age are the most likely to be injured. At the 
same time, 42% of accidents occurred in the period from 8 to 10 am. Taking into account the statistics of acci- 
dents from 2008 to 2017, it is possible to determine the main criteria for occupational risks assessment. 

Main part. The analysis of occupational injuries showed that occupational risk assessment should 
take into account: 

- competence of an employee; 

- working conditions; 

- accidents at work, not related to the human factor (violation of stability, breakage, unpredictable 
change in the internal state of potentially dangerous substances). 

For a comprehensive assessment of occupational risks for each precondition for accidents or oc- 
cupational disease (OD), we calculate the matrix of the occurrence probability of danger and severity of 
consequences. 

The essence of the proposed method for determining the predicted occupational risks assessment 
using the materials of a special assessment of working conditions is that a labor protection service spe- 
cialist for each situation determines the rank of the probability of occurrence of an accident or OD (low 
probability, medium probability, high probability) and the potential damage corresponding to this situation 
(small, medium, great). 

To assess the degree of compliance of SAWC with the regulatory requirements and the degree of influ- 
ence on the human body of harmful and dangerous factors of working conditions, we use a system of special 
points: 

1 — optimal working conditions (class 1); 

4 — permissible working conditions (class 2); 

8 — not quite favourable working conditions (class 3.1); 

12 — adverse working conditions (class 3.2)); 

15 — very poor working conditions (class 3.3); 


20 — extreme, critical working conditions (class 3.4). 
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The higher the score, the greater the dangerous and harmful effects on the human body (non-compliance 
of working conditions with regulatory requirements). The results of a special assessment of working conditions 
are used to assess the negative impact of the working environment. The class of working conditions is deter- 
mined in accordance with the Federal law No. 426 of December 28, 2013. The score corresponds to the degree 
value of the conditions status R/. 

The work does not take into account manager competence, because the result of his organizational work 
directly affects personnel training. 

According to GOST 12.0.230-2007, "competent person is a person with the necessary training and suffi- 
cient knowledge, skills and abilities to perform a specific job". 

Table 1 

Levels of probability of accident occurrence at different competence levels of an employee 

Probability level 
Very low, 10” Q—2 for the whole period of 
research 


Table 2 


Severity of Condition of the employee 
consequences 


Very Tow 
2 Low deterioration of health with treatment in the 
a a ee ee 
3 Medium accident with mild health damage (absence at 
a a a et 





High accident with severe health damage (absence at 
work for more than 30 days) 


Very high 


The conditional value of risk is determined at the intersection of the corresponding column and 





row. In this case, the amount of risk can be represented in quantitative terms. Matrix values are chosen in 
accordance with statistical data on accidents in the workplace. 
Table 3 
Degree of risk R2 due to the incompetence of an employee 
Probability level 
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Competence levels can be defined as follows: 


- competent (risk level 1-5) - the employee is able to perform work independently in compliance with 

the occupational safety requirements; 

- incompetent (risk 6-10) — the employee has some competencies, poor talent to perform his work in 
compliance with the occupational safety requirements. The employee requires control. Incompetent employees 
include employees who do not have practical experience with particularly dangerous works, regardless of the 
level of theoretical knowledge of the occupational safety requirements, as there is no skills of safe performance 
of works. These employees need training; 

- incompetent (risk level 12-24) — the employee is not able to independently perform work in compli- 
ance with the occupational safety requirements; unconsciously violates the occupational safety requirements. 
The employee is not allowed to work. Additional training 1s required for the worker to comply with safety 
measures in the workplace. It is necessary to work out first aid practical actions of personnel, evacuation in case 
of an accident, methods of accident localization; 

- dangerously incompetent —— the employee is not able to independently identify, assess and manage 
risks in the performance of work; deliberately violates the occupational safety requirements, regulating work that 
is associated with high risk. Dangerously incompetent worker is not allowed to work. 

In assessing competence safety engineer must take into account: 

- possible risks of violations of the occupational safety requirements due to insufficient knowledge, 
skills, abilities; 

- actual risks caused by: violations of the requirements of industrial and occupational safety; intentional 
violations of safety requirements, which are associated with negligence, irresponsibility of an employee and non- 
observance of labor discipline; work experience. 

All the above-mentioned possible and actual risks (preconditions of emergency or accident) should be 
taken into account to assess the competence of an employee. This will give full information about the readiness 
of personnel to perform work in the workplace. 

Calculation of accident rate at the production (stability violations, breakdowns, unpredictable changes in 
the internal state of potentially hazardous substances) 1s carried out taking into account the characteristics of 
structures, time and operating conditions. 





Table 4 
Levels of probability of an accident at work for reasons that do not depend on an employee 


Probability Number of accidents 


Very low, 10™ Q—2 for the whole period of 


research 


Low, 510" 


Table 5 
Severity of accident consequences in production for reasons that do not depend on an employee 


Severity of Damage Condition of the employee 
consequences 


] pain without consequences for health 


Z Low deterioration of health with treatment in the 
emergency room (absence at work 3 days) 





High accident with severe health damage (absence 


Medium accident with mild health damage (absence at 
work less than 30 days) 


3 
4 

at work for more than 30 days) 
5 


per high 





o/b ps-journal.ru ——— 





UU iD 


Safety of Technogenic and Né 





The values of the matrix are selected according to the statistical data of industrial accidents. 

Risk assessment: 

1. from | to 5 (low). The low degree of risks indicates the effective work of the company's man- 
agement in the field of occupational safety; 

2. from 6 to 10 (average). With the degree of risk from 6 to 10 a plan of measures should be de- 
veloped to eliminate and minimize risks, indicating the timing of elimination of deficiencies and respon- 
sible persons; 

3. from 12 to 25 — the degree of risk is high. With the degree of risks from 12 to 25, measures to 
reduce risks are taken slowly; 

4. 25 — the risk is very high. With a degree of 25, an enterprise shutdown is required. 

The author has developed the following matrix model of integrated assessment of occupational 
risk degree. 


Table 7 
Matrix of risk degree taking into account incompetent actions of personnel 
and the fact of an accident at work (which is not related to the human factor) 


Be PucK HEKOMIMeTeHTHEIX JEMCTBUM MepcoHasa 


Low risk Medium High risk 
) isk 


Risk of accident at Low risk 
work 





High risk 
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Table 8 
Matrix of risk degree taking into account incompetent actions of personnel and working 
conditions at the enterprise 


SS Risk of incompetent actions of personnel 


Low risk | Medium | High risk 
ee ee 
Risk, tak- optimal working conditions 
account acceptable working conditions 
conditions not quite favorable working conditions 
adverse working conditions 
very poor working conditions 


critical working conditions 
(class 3.4) 





Table 9 
Matrix of risk degree taking into account working conditions and the fact of an accident at work 
(which is not related to the human factor) 


a Risk of accident at work 
Low risk | Medium | Highrisk 
ae led ee 
Risk, optimal working conditions 
into acceptable working conditions 


adverse working conditions 
very poor working conditions 


critical working conditions 
(class 3.4) 





working not quite favorable working conditions 
conditions (class 3.1) 
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Risk of incompetent Degree of risk of 
actions of personnel an accident at 
work (not related 
to the human 
factor) 


Degree of risk, tak- 
ing into account 
working conditions 


Fig. 1. Matrix model of integrated assessment of occupational risks 


In accordance with the methodology, an integrated risk assessment can take the following values: 


"acceptable", "medium", "high" and "dangerous". 


The value of risk degree is determined as the intersection of the categories of competence of an 
employee, working conditions, accidents at work (not related to the human factor). 

The intersection point determines the degree of risk: 

- green zone, the degree of risk is "acceptable", the work can be started with compliance with the 
existing safety requirements; 

- orange zone, the risk level is "medium", the work can be started after the written approval of the 
manager; 

- red zone, the degree of risk is "high", urgent organizational and technical measures in the field of 
occupational safety are required. The work cannot be started due to the high probability of occurrence of 
emergencies or accidents; 

- black zone, the degree of risk is "dangerous". Production must be suspended. 

The engineer finds the values from the matrices shown in tables 7-9. Further, based on the values 
found, a decision is taken on the admission of workers to production and measures are taken to reduce 
accident risks. 

The author has formulated an integrated assessment of risk degree caused by occupational risk 
taking into account working conditions, competence of the worker and accident rate at production. Fur- 
ther there is a statistical model of the degree of risk. 

Main causes that lead to emergencies and accidents from 2008 to 2017 were identified: failure to 
comply with the occupational safety requirements, incompetence of staff — 57 %; deterioration of health 
of an employee (due to hazardous working conditions at the company, with violations in the use of PPE 
and disregard to medical examinations) — 21 %; accidents at work (risk of injury taking into account the 
applied products and structures) — 22 %. 
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Rpuck=Kyt‘R1+ Kuga:R2+ Kiic-R3, (2) 
where Kyt=0.2 — risk coefficient of working conditions; 
Kuy=0.6 — risk coefficient of incompetent actions; 
Knic=0.2 — risk coefficient of accident at work; 

R1 — occupational risk taking into account working conditions; 

R2 — occupational risk taking into account an employee competence; 

R3 — risk of an accident at work (disturbance of stability, breakage, unpredictable change in the 
internal state of potentially hazardous substances). 

On the assessment scale of significance of risks the significance of risk 1s assessed (Table. 10), ac- 
cording to GOST R 12.0.010—2009. "Occupational safety standards system (SSBT). Occupational health 
and safety management systems". 

Table 10 


Risk values 


Risk value interval Qs KS 5 5< K£ 109 10% &£15 





Hazard identification and risk assessment 1s carried out according to the Rrisk value. 

Conclusion. An integrated method of occupational risk degree assessment is characterized by the 
simplicity of use, allows the safety engineer in the shortest possible time taking into account statistical 
data to make occupational risk assessment, thereby to reveal the most vulnerable links of production pro- 
cess. The disadvantage of this method 1s its absolute subjectivity. 

In particular, statistics on industrial accidents is needed. To predict accidents at work associated 
with the violation of stability, breakdowns, unpredictable changes in the internal state of potentially haz- 
ardous substances, the safety engineer should take into account the operating conditions, the warranty pe- 
riod of work (MTBF), assess the state of technical devices of buildings and structures (taking into account 
their design features), restoration work. Next, it is necessary to identify accidents preconditions and con- 
sequences, make proposals to the head of the company on the creation of a system of protection from the 
accident and its localization. 
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occurrence and development of accidents at oil 
products supply facilities. It is shown that the 
main causes and factors of accidents are the pres- 
ence of large amounts of oil and oil products at 
the facility, which are explosive and flammable 
substances, transportation of oil products under 
high pressure, operation of equipment under pres- 
sure at high temperatures, the presence of period- 
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ment as well as the corrosive activity of oil and 
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AHasM3upyroTtca (akTOpbl HW TPH4HHbI BO3HUK- 
HOBCHMA HU pa3BHTHA aBapuu Ha OOBEKTAaX HedTe- 
mposykKTooOecneuenua. JloKa3aHoO, 4YTO OCHOB- 
HbIMU TIpH4YHaMu UW PakTOpaMu BOSHUKHOBeCHHA 
aBapul ABJIAFOTCA HasIMuue Ha OObeKTE OObINOTO 
KONMY4eCTBa HeEMTH MU HeEMTeMPOAYKTOB, ABJIAEO- 
IMXCA B3PbIBO- HM MOKapOOMaCHbIMU BEILeCTBAa- 
MH, TpaHCMOpTupoBaHve He@TenpoOAyKTOB MO 
BbICOKHM JjaBJICHHeM, IKCINIyaTauua OOOpyOBa- 
HUA MO aBJIGHWeM Ip BbICOKUX TeMIIepaTypax, 
Hamuue Ha OOBEKTe NepHOAM4eCKHX TIpOWeccoB 
MW WepeXOJHBIX PexKUMOB padoTH! OOOPyOBaHHA, 
a Tak?Ke KOPpO3HOHHadA aKTMBHOCTb HedTuH U 
He@TelipoJyKTOB (OCOOeHHO TIpH Hasyn cep- 
HUCTBIX COeJIMHEHHH). 

Kuno4eBble cJ10Ba: aBapusa, HedTera30Bblii KOM- 
IIJI€KC, 


B3PbIBOOe3ONAaCHOCTb, MPOMBbIMlJIeCHHar 


Oe30NaCHOCTh, aHasIM3 PHCKOB. 


Introduction. Oil-refining enterprises have a rather high level of threat of an emergency of natu- 


ral and man-made character. Improving the safety of oil refining facilities 1s the main way to prevent 


threats of man-made nature, and therefore the factors and causes of accidents at oil products supply facili- 


ties during operation are among the most important tasks [1-2]. 


The existing problem can be solved by assessing the most common causes of accidents and elimi- 
nating factors that adversely affect the degree of industrial safety [3-4]. 


Main part. The causes of accidents and factors contributing to the occurrence and development of 


accidents at oil products supply facilities depend on the components of this facility. 


Typical components of an oil product supply facility (e.g. an oil refinery) are: 


- raw hydrocarbons processing facility; 


- chemicals section; 
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- AT-400 facility; 

- AT-400/2 facility; 

- AT-5 facility; 

- WT-1 facility. 

For this technological equipment the characteristic factors, which can promote occurrence and de- 
velopment of accidents on objects of oil product supply will be: 

1. the presence of oil products in the equipment, which are explosive-dangerous substances, as 
well as the presence of a constant source of ignition (furnace nozzles), which create a danger of fire, ex- 
plosion due to emergency depressurization of the unit; 

2. operation of equipment under pressure at high temperatures; 

3. human factor: non-compliance with the technological equipment operation mode, errors in 
structure strength calculation; 

4. failure of control and measuring equipment; 

5. space-time factors; 

6. presence of periodic processes and transient operation modes of equipment at the facility. 

Possible causes of occurrence and development of accidents at oil product supply facilities for this 
process equipment will be: 

1. parameters exceed critical values; 

2. decrease in mechanical strength (defect in design); 

3. corrosive wear of equipment; 

4. depressurization of equipment as a result of loss of strength; 

5. depressurization of equipment as a result of fire, leakage during depressurization of pipelines, 
adjacent equipment ("Domino effect»); 

6. external impact of natural and man-made character; 

7. unauthorized outside interference. 

In addition to the considered process equipment and facilities at oil products facilities are located: 

- feed and product department; 

— tank battery; 

- gas condensate loading station; 

- facility for car loading and unloading of oil and oil products. 

For these oil-refining facilities, the factors contributing to the occurrence and development of ac- 
cidents will be: 

1. the presence of significant amounts of gasoline as well as oil, diesel fuel, kerosene, marine low- 
viscosity fuel and fuel oil in tanks, which is a flammable liquid, which create the danger of the release of 
a large number of explosive substances during emergency depressurization of tanks and vessels; 

2. large single volumes of tanks and main pipelines, which even with minor depressurization (or 
destruction) contribute to the release of a large number of hazardous substances; 

3. availability of equipment of various types (pumps, pipelines, valves) with a significant number 
of welded and flange connections, valves and control valves; 

4. the presence of sulfur compounds in oil and petroleum products, which contributes to the for- 
mation of pyrophoric compounds (in interaction with corrosion products), which in turn leads to the dan- 
ger of their ignition with subsequent explosion or fire inside the equipment; 

5. a wide range of hazardous secondary combustion products formed due to the complex fractional 
composition of petroleum products: nitrogen dioxide, carbon, sulfur dioxide, carbon monoxide, organic 
acids, carbon dioxide. 

As a result of these factors, the possible causes of accidents at oil products facilities will be: 
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1. defects in the manufacture, installation and repair of equipment that can lead to full or partial 
depressurization; 

2. failure of pipelines, fittings, separable joints, depressurization of the equipment due to internal 
mechanical defects, overload, mechanical damage, corrosion, and untimely removal of paraffin deposits; 

3. influence of external factors (mechanical damage during loading and unloading, heating, at- 
mospheric corrosion, etc.) on the equipment; 

4. personnel errors during the technological process of oil/oil products transfer; 

5. overpressure above the regulated values; 

6. depressurization (destruction) of tanks at their overflow; 

7. destruction or significant depressurization of tanks due to the formation of local areas of explo- 
sive mixtures of flammable liquids vapors with air at violations of technological regulations at repair 
works; 

8. impact of fires and/or explosions on process equipment and pipelines; 

9. errors of maintenance personnel. 

Thus, the most significant factors affecting risk indicators at the oil product supply facilities are: 

- availability of a large amount of oil and oil products that are explosive and fire hazardous sub- 
stances at the oil product supply facility; 

- transportation of oil products under high pressure; 

- operation of equipment under pressure at high temperatures; 

- availability of periodic processes and transient modes of equipment operation at the facility; 

- oil and oil products corrosion activity (especially in the presence of sulfur compounds); 

- pyrophoric compounds in oil. 

The main measures that can be aimed at reducing the risk of accidents at oil products supply fa- 
cilities are: 

1. compliance with technological norms and safety parameters specified in technological regula- 
tions for the operation of technological equipment; 

2. compliance by working personnel with the requirements, rules and norms of labor protection, 
fire and industrial safety when working with flammable and combustible liquids, training on labor protec- 
tion; 

3. carrying out periodic knowledge assessment of requirements of labor protection and industrial 
safety before the permit to unsupervised work; 

4. timely technical examination of process equipment, devices and pipelines; 

5. continuous pressure examination of process equipment and pipelines; 

6. maintenance of fire hydrants, leakage detection systems and other safety equipment in working 
condition; 

7. periodic examinations and individual testing of shut-off valves; 

8. periodic ground checks of equipment and utilities in accordance with the operating Safety Rules 
for Operation of Consumer Electrical Installations; 

9. periodic function tests of local communication flow chart of workers and engineers and techni- 
cians of the object (according to the approved schedule); 

10. timely development of priority and future timed action plan (in the case of breaches) approved 
by the Federal Service for Environmental, Technological and Nuclear Oversight of Russia, for bringing 
industrial equipment into compliance with the norms and rules of safe operation; 

11. timely replacement of worn-out and obsolete equipment; 

12. strengthening measures to protect a hazardous production facility from possible terrorist acts; 

13. improvement of professional skills of service personnel and its regular recertification; 
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14. training sessions and training alerts on the emergency response plan according to the approved 
schedules. 

Conclusion. The conducted research allows to conclude that the main causes and factors of acci- 
dents are the presence of a large amount of oil and oil products at the facility, which are explosive and fire 
hazardous substances, transportation of oil products under high pressure, operation of equipment under 
pressure at high temperatures, presence of periodic processes and transient modes of operation of equip- 
ment, as well as the corrosion activity of oil and oil products (especially in the presence of sulfur com- 
pounds). 
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The article describes the main indicators of the 
situation with fires in the Republic of Crimea and 
Sevastopol. 

Their comparative analysis with values of indica- 
tors of a situation with fires across Russia and the 
southern Federal district is carried out. 

It is shown that the average number of fires (per 
1,000 people) in the Republic of Crimea and Se- 
vastopol is less than in the southern Federal dis- 
trict and the Russian Federation as a whole in 
2017. On the basis of the conducted research the 
directions of increase of combat readiness to per- 
formance of tasks on purpose of divisions of fire 
protection of the Crimean Peninsula are defined. 
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PaccMOTpeHBbI OCHOBHBIe NOKa3aTeIH OOCTAHOBKU 
Cc 1oO*KapaMu Ha TeppuTopun PecnyOmuKu Kppim 
ur. Cepacronoms. [IpopeyqenH ux cpaBHUTeJIbHbIN 
aHasIM3 CO 3Ha4eHHAMU WOKa3aTesIen OOCTaHOBKU 
Cc moxKapamu mo Poccnuu u FOxHOMy Dexepasip- 
HOMY OKDyTy. 

Iloka3aHo, 4TO CpeyHee KOJIM4eECTBO MO2%KaposB (B 
pacuete Ha | ThIc. 4eu. HaceyIeHHA) Ha TeppuTo- 
puu PecnyOnuku Kppim uw B r. CeBacTonosib 
MeHbIle, 4M Ha TeppuTopuu TOxHoro dexe- 
pasIbHOTO OKpyra UW B PoccuucKon Deyepauu 3a 
2017 roy. Ha ocHoBe npoBeyeHHOrO UccIIeqOBAa- 
HHA OlpeeIeHbI HalpaBJICHuA MOBbIMIeCHUA O0e- 
TOTOBHOCTH K BbIMOJHeEHHFO 3aa4u MO mpeqHa- 
3HaveHHtO MOApa3syqeseHuH MOx*XapHOW OXxpaHbl 
KpbIMCKOrO MOJryYOCTpoBa. 

Ku0ueBble CI0Ba: OOCTaHOBKa C 1O2KapaMyu, 
NOrMOuue, TDPABMUPOBAHHble, MATepHasJIbHbIM 
yurepO, Kppm, CepacTorois. 


Introduction. A sufficient number of statistical, analytical and other materials confirm that the Crimean 


Peninsula territory is exposed to a wide range of natural, man-made and biological and social hazards that pose a 
threat of emergency situations. Their study and systematization became the basis for assessing the risks of emer- 
gencies and fires, ranking the Peninsula by types of threats and optimizing measures to protect the population 
and territories taking into account the specifics of the Crimean Peninsula [1]. 

Problem statement. To analyze the situation with fires in the Republic of Crimea and Sevastopol, we 
used data on the number of fires, the dead and injured people in fires, direct material damage from fires from 


2014 to 2017 in the subjects of the Russian Federation on the basis of statistical information from the Federal 
Data Banks (hereinafter — FDB) of FGBU VNIPO of EMERCOM of Russia. Population indicators of the sub- 
jects of the Russian Federation are formed based on the data published by the State Committee of the Russian 
Federation on Statistics [4]. 
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Theoretical part. Representative statistical data sets are used, as a rule, in the study of fire danger to the 
country, region, and settlements. Relative estimates are used for comparative evaluation of fire safety of regions. 
To do this, it is necessary to assess the probability of fire and assess the probability that the action of fire damag- 
ing factors will lead to human health damage (death or injury) [5-14]. 

One of the basic indicators necessary for the calculation of fire risk assessment is the frequency of fire 
during the year per one object or per one person (worker, student, visitor, etc.). Other relative indicators of the 
situation with fires are calculated the same way. 

Table 1 shows the initial statistical data for the analysis of the situation with fires in the Republic of Cri- 
mea and Sevastopol of the Southern Federal District of the Russian Federation for 2017. 

Table | 
Statistical data for the analysis of the situation with fires in the Republic of Crimea and 
Sevastopol of the Southern Federal District of the Russian Federation for 2017 
Geographical Popula- | Number | Number of | Number of | Number | Direct mate- 
administrative tion, of fires, | catching | fatalities in | of injured | rial damage, 
division thousand unit fires, unit | fires, victim | people in thousand 
people fires, vic- rub. 
tim 


wer | 267 | 14m [8 | 20 | maa 


Crimea 

Southern | 6441.8 | 11543 | 50964 724 986 749214 
Federal District 

Sanaa 146880 | 132844 | 314229 7816 9355 | 13767378 
Federation 


As all the indicators of fire situation have strong positive dependence on population, for the analy- 
sis and comparison of indicators of fire situation in the Republic of Crimea and Sevastopol with all- 
Russian, we used relative indicators of fire situation per one thousand people of the population (Table 2) 
and per one fire (Table 3). 





Table 2 
Relative indicators of fire situation in the Republic of Crimea and Sevastopol of the Southern 

Federal District of the Russian Federation for 2017 on average per | thousand people. 

Geographical Populati | Average | Average Average Average num- Average 
administrative on, number | number of | numberof | ber of injured | direct mate- 
division thousan | of fires, | catching fatalities in | people in fires, | rial damage, 
d unit/tho fires, fires, vic- VIc- rub./person 

people usand | unit/thousa | tim/thousan | tim/thousand 
people | nd people d people people 


BE? 00s | 0046 | 398 


Sees 1913.7 0.034 0.040 33°36 
Crimea 
Southern 
oo 16442 0.70 3.10 0.044 0.060 45.57 
Federal District 
090 | 24 





ae 146880 0.053 0.064 ee 
Federation 
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Table 3 
Relative indicators of fire situation in the Republic of Crimea and Sevastopol of the Southern 
Federal District of the Russian Federation for 2017 on average per | fire 


Average 

Populati Average 

Number number of | Average direct 

Geographical on, number of - 
- of catch- — injured material dam- 

administrative | thousan Se oe fatalities in 

ing fires, ; people in age, thousand 
fires, vic- 
| unit Gim/fi fires, vic- rub./fire 

eople. im/fire sae 
peop tim/fire 


436.7 1470 0.030 0.075 64.58 


a dina 1913.7 5667 0.066 0.077 64.56 
Crimea 
Southern 

| 46442 | 11543 | 50964 0.063 0.085 64.91 
Federal District 
pause 146880 | 132844 | 314229 0.059 0.070 103.64 
Federation 


Table 2 shows that the average number of fires (per 1,000 people) in the Republic of Crimea and 


division d 





Sevastopol is less than in the Southern Federal District and in the Russian Federation in 2017. It is neces- 
sary to pay attention to the greater value of the "average number of fires" indicator in the Republic of 
Crimea and Sevastopol in comparison with the all-Russian values for 2017. This fact may indicate a 
greater number of factors causing fire danger in the Republic of Crimea and Sevastopol, and the increased 
readiness of fire and rescue divisions of the Republic of Crimea and Sevastopol, which in time found the 
most number of fire outbreaks and managed to localize them, without bringing them to big fires. 

It should be noted that the average number of people injured in fire in the Republic of Crimea and 
Sevastopol is higher than the all-Russian values for 2017, but do not exceed similar indicators for the 
Southern Federal District (Fig. 1). 





Average number of injured people in fires, 
victim/fire 


| Sevastopol Republic of Southern Federal Russian 
Crimea District Federation 


Fig. 1. Comparison of the average number of people injured in fires per | fire in the Republic of Crimea, 
Sevastopol, the Southern Federal District and the Russian Federation for 2017 


Fig. 2-5 show the dynamics of relative indicators of fire situation from 2014 to 2017 per | thou- 
sand people (for fires) and per fire 1 (the death and injury of people in fires). It 1s necessary to pay atten- 








tion to the increase in the number of fires per 1 thousand people in the Republic of Crimea and the excess 


of this indicator in Sevastopol over the all-Russian values. Also noteworthy is the growth in the average 
number of injured people in fires that occurred in the Republic of Crimea in 2014-2017, per 1 fire. 
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Fig. 2. Dynamics of changes in the average number of fires that occurred in the Republic of Crimea, Sevas- 
topol, Southern Federal District and the Russian Federation in 2014-2017 
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Fig. 3. Dynamics of changes in the average number of catching fires that occurred in the Republic of Crimea, 
Sevastopol, the Southern Federal District and the Russian Federation in 2014-2017 
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Fig. 4. Dynamics of changes in the average number of fatalities in fires that occurred in the Republic of Crimea, 
Sevastopol, the Southern Federal District and the Russian Federation in 2014-2017, per | fire 
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Fig. 5. Dynamics of changes in the average number of injured people in fires that occurred in the Republic 
of Crimea, Sevastopol, the Southern Federal District and the Russian Federation in 2014-2017, per 1 fire 


Conclusion. Based on the analysis of the fires situation indicators state, 1t can be concluded that 
the fire and rescue departments of the Republic of Crimea, Sevastopol are ready to solve the problems of 
fire safety. Directions for possible increase of readiness of fire and rescue departments of the Republic of 
Crimea and Sevastopol for the solution of tasks of ensuring fire safety — decrease in the number of fires 
in the controlled territory and decrease in the level of traumatism at fires are determined. 
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The purpose of the analysis is to determine the 


complete picture of accidents and injuries of per- 
sonnel with fatal consequences at explosive stor- 
age and processing of plant raw materials. The 
analysis 1s aimed at comparing data on the types 
and causes of accidents, as well as comparing da- 
ta on fatal accidents, taking into account the risk 
and prevalence of traumatic factors. Along the 
way, the analysis of the impact of Supervisory 
activities on the safety of hazardous production 
facilities engaged in the storage and processing of 
plant raw materials was carried out. A compari- 
son of the number of hazardous production facili- 
ties in different periods of time and the number of 
accidents and accidents occurred. 

Keywords: Accident, accident, incident, explo- 
sion, human factor, fire, dust mixture, destruction 
of facilities, industrial safety, labor protection. 


VJIK 331.45 
DOI 10.23947/2541-9129-2019-1-41-44 


AHAJIM3 ABAPHUHOCTH U 
TPABMATH3MA HA B3PbIBOITOXKA 
POOTTACHBIX OBbEKTAX XPAHEHHA 
HEPEPABOTKH PACTHTEJIBHOTO 
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Ilembro paOoTbI ABIAIOCh IWpecTaBleHue 1e- 
NOCTHOU KapTHHbI aBapHHHOCTH U TpaBMaTH3Ma 
TlepcoHasia CO CMepTeJIbBHbIM HMCXOJIOM Ha B3D)BI- 
BOHOKAapOOMAaCHbIX OObeEKTAaX XpaHeHHA U epe- 
paOoTKH pacTHTeIbHOrO CbIpbaA. COmOcTaBJICHBI 
JIaHHbIe 110 BUAaM UW Wpu4nHaM aBapun. Ilpose- 
eH aHasIM3 BIIMAHUA Ha30PHON WeATeJIBHOCTU 
Ha Oe30NaCHOCTb OMaCHbIX IPOW3BOJICTBCHHbIX 
OOBEKTOB, OCYINICCTBIIAKOINMX JICATCIbHOCTb TO 
XPaHeHHIO U MepepaOoTKe pacTHTeIbHOrO CbIpbsA. 
IIpopeyqeHo conocTaBsleHve KOJIM4eCTBa OMACHbIX 
IIPOH3BOJICTBCHHbIX OOBCKTOB B pa3JIM4HbIe TWe- 
PHO BPeMeHH UH KOJIMYeECTBA NPOM3OMIeAMINX 
aBapWu HW HECYACTHBIX CJIy4aes. 


Ku1r04ueBble CJIOBa: aBApHA, HECUACTHBIM Ciy4an, 
VHIUMCHT, B3PbIB, WeIOBeYeCKHH (PaKTOpP, MoOxKap, 
IIBIICBO3YIIHad CMeCh, pa3pyllleHve Coopyxe- 
HMM, UpOMbIMlNJIeHHadt Oe30MacHOCTh, 
Tpya. 


oxpaHa 


Introduction. Fire explosive storage facilities for processing plant raw materials are classified as 


hazardous production facilities of III and IV hazard class [1]. Great attention is drawn to the problems of 
fatal personnel accidents and injuries at such facilities. The occurrence of accidents at these facilities 
leads to significant destruction, fatalities and, which is important, to huge financial losses. The analysis of 
emergencies and accidents is aimed at evaluating the overall status of accidents, identification of causes, 
and determination of ways to reduce the impact of accidents and to reduce the number of accidents. Ac- 
cording to the analysis of the data from the annual reports on the activities of the Federal Service for En- 
vironmental, Technological and Nuclear Supervision from 2013 to 2017 on fire explosive facilities for 
storage and processing of plant raw materials, it follows that during the reporting period there were 6 ac- 
cidents and 21 fatal accidents [2]. In 2017, 2 accidents and 5 fatal accidents occurred at fire explosive fa- 
cilities for storage and processing of plant raw materials in the Russian Federation. 

Main part. Over the past five years, the number of supervised organizations and operated fire ex- 
plosive facilities for storage and processing of plant raw materials has decreased. The number of super- 
vised organizations decreased by 2.78 %, while the number of operated hazardous production facilities 
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decreased by 15.2 %. In absolute terms, the number of supervised objects decreased by 1609 units. De- 
spite the current trend of reduction of operated hazardous production facilities for storage and processing 
of plant raw materials, the annual quantitative indicators of accidents at the above facilities do not de- 
crease over time (Fig. 1). Similar statistics is in the earlier period. Thus, according to the analysis of sta- 
tistics (Fig. 2), we observe a similar pattern of accidents [3]. 
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Fig. 1. Distribution of accidents by types and causes from 2013 to 2017 
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Fig. 2. Total number of accidents at hazardous production facilities for storage and processing of plant raw 
materials from 2004 to 2014 


The most vulnerable in the context of explosion safety are elevators, feed and flour mills, and, 
with a small lag, silo warehouses [4]. It should be noted that the accidents mentioned in the statistics 
above are approximately equally distributed between hazard class HI and hazard class IV. 

The number of fatal accidents at fire explosive facilities for storage and processing of plant raw 
materials does not decrease during the analyzed period from 2013 to 2017. (Fig. 3). In just 5 years, there 
have been more than 20 fatal accidents. It should be noted that 70% of fatal accidents occurred at hazard- 
ous production facilities of hazard class III and only 30% at facilities of hazard class IV. Gradation of 
traumatic factors by the number of accidents occurred over the past 5 years is as follows (Fig. 4). 








Fig. 3. Dynamics of the number of the occurred fatal accidents 
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Fig. 4. Gradation of traumatic factors 


The total number of incidents that occurred at the fire explosive facilities for storage and pro- 
cessing of plant raw materials is rapidly decreasing over the past five years (Fig. 5). It should be borne in 
mind that the picture may not be entirely objective due to incomplete information submitted to the bodies 
of Rostekhnadzor by operating organizations. 
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Fig. 5. Number and nature of incidents from 2013 to 2017 


The analysis of supervisory activities for the same period from 2013 to 2017 shows that the total 
number of inspections has decreased sharply by almost 3.4 times. The number of scheduled inspections 
decreased by 5 times, and the number of unscheduled inspections decreased by 2.3 times. As expected, 
the total number of detected violations also decreased during the analyzed period. Thus, the total number 
of detected violations decreased from 2013 to 2017 by 2.3 times (by 57%). Quantitative indicators of 
measures taken to owners of hazardous production facilities in the detection of violations of industrial 
safety requirements, respectively, are reduced. However, as practice shows, with a decrease in the number 
of inspections, detected violations and applied measures, the number of emergencies and accidents re- 
mains at the same level. At the same time, the administrative burden on the supervised organizations and, 
first of all, on the regulatory authorities is reduced. The available administrative resources can be directed 
to the control of hazardous production facilities of higher hazard class. 

Conclusion. The main causes of emergencies, incidents and accidents, largely, are violations of 
the order of work, processes, health and safety requirements. Production control is not provided properly, 
which is an indicator of the influence of human factor on the emerging problems [5]. Thus, three factors 
of occupational safety [6] remain without attention: human, industrial and organizational. In production, 
there is a certain problem between the high level of modern technology and the low level of its operation 
and maintenance. This is also true for complex processes. These findings are prerequisites to the consid- 
eration of further ways of safety provision at fire explosive facilities for storage and processing of plant 
raw materials using digital technologies in the context of a risk-based approach. The application of this 
approach should lead to a reduction in the burden not only on the supervised organizations, but also on 
the supervisory authorities themselves, thereby increasing the transparency and quality of organization of 
production control within enterprises. 
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«XMULHUK-2KepTBa»>. Ha OCHOBe AHCKPeTHBIX JaH- 
HbIX IIPHpOcTa YACICHHOCTH NOMyIAUMH MO To- 
aM oOlpeyesiéH MpHMepHbIn WIaH peryAlnu 
YAMCIICHHOCTH NMOMyIAIMH. PaccMOTpeHbI ciry4an 
HaxO*KCHHA JIBYX XMIHHKOB Ha apeale. 
Kuo4ueBble CJIOBa: UHCICHHOCTh MoOnyAlMH, 
MOJICJIMpOBaHHe, JMCKPeTHbIM aHaliu3. 


Introduction. Environmental crisis currently developing on our planet is global and covers the en- 
tire biosphere. Its structure includes, among other things, the natural component, which is expressed in 
the visible degradation of the environment, the destruction of living organisms because of changes arising 
in it under the influence of human activity [1-3]. The extinction of biological species is dangerous for the 
biosphere because it leads to a decrease in biological diversity of natural ecosystems, which ensures their 
resistance to various external influences [1, 2]. 

Problem statement. "Predator-prey" interaction is one of the most widespread types of biotic in- 
teractions in nature. Predation is when animals (predators) find, grab, kill and eat other animals (preys) 
while getting food. Predators often catch and kill sick or non-viable individuals of prey, as a rule, not in- 
volved in reproduction, so predators can be attributed to the effective "methods" of evolution of living 
organisms [1-3]. Based on the above, it is obvious that studies on forecasting the number of natural popu- 
lations, depending on a certain type of impact, are currently relevant. 

Theoretical models of combined populations. [In the course of evolutionary development, which 
is based on the interaction between predator and prey, the soundest and most adapted to the influence of 
environmental factors individuals survive in the population. That is, "predator-prey" is an interaction, in 
the process of which representatives of predators and representatives of preys evolve [1, 2]. 

In natural conditions, there is the following time and cause-and-effect chain: prey reproduction - 
predator reproduction - sharp reduction of prey number - reduction of predator number —prey reproduc- 
tion, etc. [4, 5]. This cybernetic system with negative feedback leads to a stable equilibrium. Waves of 
fluctuations of predator and prey follow each other with constant phase difference, and on the average, 
the number of both predator, and prey remains constant [4].’ 

The model of coexistence of biological species on the type of "predator-prey" is called Lotka— 
Volterra model. This model was first used by Alfred Lotka in 1925 to describe the dynamics of interact- 
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ing biological populations. In 1926-1931, similar and more complex models were developed by Italian 
mathematician Vito Volterra, who derived the laws of periodic cycle, conservation and violation of aver- 
ages in the study of the relationship between predator and prey [1, 4, 6]. 

In case of existence of any interspecies interaction, including the "predator-prey" type, the popula- 
tion is called "combined". Systems of homogeneous differential equations of first order, represented in 
Fig.1 are used in the description of such interspecies interactions 


I i 1 
dN u | 


aa a,N,+b,,N,N,—¢,N; 





dN, ; 
== @4,.N+0;,N No —cN, 
dt 1 | | = 





Fig.1. General scheme of differential model components of combined population 


In these systems: N; and Nz — number of predator and prey populations; a; and az —population 
growth rate coefficients; b;2 and b2; —population interaction coefficients; c; and cz —coefficients of 
population self-limitation (intraspecific competition, anthropogenic impact, natural mortality). 

The equations of population dynamics speed are divided into three sections (Fig. 1) [7, 8]: 

I — section of own exponential growth: components for describing population dynamics without 
limiting factors; 

II — section of interspecies interaction: the form of interspecies interaction is determined by the 
sign of coefficients b;2 and b2;, and the degree of interaction is determined by their value; 

Iif — section of limiting factors: natural mortality, intraspecific competition, anthropogenic im- 
pact. 

In the form of predator-prey interaction, the coefficients in section II have different signs, i.e. the 
predator is the limiting factor for the prey and the prey is the food resource for the predator. 

Anthropogenic impact of human hunting for predators is introduced in section III as a separate 
component and acts as a limiting factor [2, 9]. 

Selection of initial conditions and calculation results. Deer was chosen in this work as a prey in 
the model "predator-prey". In Russia deer is found in the Northern European parts, in the Far East, North- 
erm Urals, in forests and tundra of Western and Eastern Siberia. 

The largest reduction in the number of reindeers contributes to the population of their natural en- 
emies — predators. Depending on the habitat of species of living organisms, the impact of predators on 
reindeer populations is quite different. This may be due to the number of populations of both predators 
and preys, the presence or absence of other types of food, as well as the number of other environmental 
conditions of living organisms, including climatic features of the territory [5, 10, 11]. 

It is the wolf, as a predator, that is the main natural enemy of reindeer in nature. The largest num- 
ber of individuals of reindeer populations suffers from wolf attacks on the vast territories of tundra and 
forest-tundra. The populations of wolves move behind the populations of reindeer, so the habitats and the 
number of wolf populations are directly dependent on the quantitative characteristics and migration of 
reindeer populations [1, 5]. 

Lynx is the northernmost species of cat family. The diet of lynx includes both medium and large 
ungulates, including deer [1, 2]. 

In this paper, we consider the relationship between the predators represented by wolves and lynx, 
and the prey - deer, with the following initial data: 

— the number of individuals of prey population (deer) - no more than 1828, each year the popula- 
tion increases by 0.387 units; 
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— the number of individuals of main predators population (wolves) — no more than 15, there are 


33 deer per wolf per year, wolf population increases by 0.126 units each year; 

— the number of individuals of additional predators population (lynx) is unknown, one lynx per 
year accounts for 21 deer, each year the population of lynxes increases by 0.218 units; 

— death of individuals of prey population (deer) is only due to interspecific interactions with 
predators populations (wolves and lynx) and for no other reasons; 

— death of individuals of predator populations (wolves and lynx) does not occur at all. 

To analyze the size of the combined population, the following problems were set in a discrete 
form: 

Problem 1: calculate the number of deer individuals in one and three years and in five and ten 
years in the absence of interspecies interactions with predators; 

Problem 2: calculate the number of individuals in deer population at the same time intervals, if the 
number of individuals in wolf population is 15 and does not change during the specified time intervals; 

Problem 3: calculate the number of individuals in deer population at the same time intervals, if the 
number of individuals of wolves is 15 and increases each year by a given proportion; 

Problem 4: calculate the number of individuals of increasing wolf population in which the number 
of individuals of deer will remain approximately the same (about 2 thousand) during the initial five years 
of life of the population; 

Problem 5: calculate the initial number of individuals of wolf and lynx populations, in which the 
number of individuals of deer population will remain approximately the same (about 2 thousand) during 
the initial five years of life of the population. 

The calculations were performed in Microsoft Excel. The results of the calculations are presented 
in Table 1. 

Tablel 
Calculation results of the combined population in a discrete form 


ee 0,38 33 0,126 = 0,218 


o | al sere —aerel —ieoe] asl asl aed ul 5 
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«| nes 222 197 699] 1258556] 1625667] 1434 4] 15] 241260] 22.0513] 1765261] 11,0002 
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7 [smesiaa| 206.05] |_| | 15] ag4zne] s2.zns7 25,2] 19,8387 
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| serer]_2798se] | | | 15a. a,7355| 32,0065] 29 4502 
10 [ese of 315507] [| | | 15} «5, 2sa] 5602) 36 03552] 35 2081 


Conclusion. The results of the calculations carried out under the given conditions showed that 
during the first five years the number of individuals of prey population (deer) will remain stable in all five 
problems. Thus, in the course of work the possibility of forming the balance of the combined population 
"predator-prey" on the basis of the discrete data calculation in the regulation of the initial population of 








the predator was justified. For a detailed study of the model, it is necessary to conduct a differential anal- 
ysis of the phase portrait of the combined population. 
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